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AMINOACID RACEM1SATIONDATING OF ARAISED GRAVELBEACHDEPOSIT,
SELLICKS BEACH., SOUTHAUSTRALIA

by C.V. Murray- Wallace* & R.P. Bourman'

Summary

Mukray-Wallaci-:, C.V. & Bourman, R.P. (2002). Amino acid racemisation dating of a raised gravel beach

deposit, Sellicks Beach, South Australia. Trans. R. Soc. S. Aitsf. 126 (
I ), 21-28, 31 May, 2002.

I he extent a\* racemisation (total acid hydrolysate) of the amino acids aspartie acid, glutamic acid, leucine,

phenylalanine and valine indicates a minimum age of last interglacial for fossil molluscs occurring within a

raised gravel beach deposit at Sellicks Beach, South Australia. The base of the raised gravel beach occurs up to

5.5 mabove Australian Height Datum (AMD) and possibly indicates 3 mof local uplift since the last interglacial

maximum {c, 125 ka; Oxygen Isotope Substage 5c). Emergence of the gravel beach is attributed to ongoing
neoleetonie uplift of Fleurieu Peninsula.

Ki v Words: amino acid racemisation, last interglacial, neolectonics, sea-levels, South Australia.

Introduction

A resurgence of interest in recent years in

Quaternary emergent shoreline successions has

arisen from the increasing ability to determine the

age of these features due to technological advances

in geoehronology (Rutter & Catto 1995; Noller ef al.

2000). Similarly, an increasing awareness that

coastal successions, particularly those deposited

during the last interglaciation (c. 1 25 ka), are

sufficiently old to quantify even modest rates of

neotectonism, has bolstered this research endeavour.

Accordingly, the elevation of last interglacial eoaslal

deposits has been widely used as a benchmark to

delineate recent tectonic behaviour at continental

scales (Murray-Wallace & Belperio 1991; Ota 1994;

Bourman el al. 1 999; Zazo et al 1 999). In this work,

the age of a raised beach deposit at southern Sellicks

Beach, South Australia, is determined based on the

extent of racemisation of several amino acids within

molluscs from the fossil assemblage. In addition, the

neotectonic significance of this deposit and its

relation to other emergent shoreline deposits on

Fleurieu Peninsula is examined.

Materials and (Methods

Field investigations

The elevation and lateral extent of the gravel beach

deposit was surveyed to Australian Height Datum

(All!)) using an automatic level. In addition to a

general field description of the deposit, shell samples

1
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were collected for amino acid racemisation dating and

to document the fossil mollusc assemblage. Species

identillcalion followed that set out in Ludbrook ( 1984).

Amino acid raeemisation analyses

Samples o\' fossil molluscs for amino acid

racemisation analyses (total acid hydrolysate) were

collected from the gravel beach deposit. Shells were

removed from the matrix of the deposit and their depth

of burial recorded. Analyses were undertaken on

specimens of Patella (Seutellastra) latieoslata

Blainville, Thais orhita (Gmelin), Syclaphera undnlata

(Sowerby), Nerita (Melanerita) atramentosa Reeve

and Ostrea sp. Linnaeus.

Sediment adhering to the surfaces of shell samples

and diagenetically modified aragonite, particularly

chalky surfaces, were removed with a dental drill,

followed by successive washes in distilled water using

an ultrasonic bath. A dilute acid etch (2 mol HC1) was

subsequently undertaken to remove the outer surfaces

(c. 10-15% by mass) of the shells that had been in

contact with the host sediment. Samples were

subsequently hydrolysed for 22 hours at 1
10° C in 8

mol HC1. Following cation exchange isolation of the

amino acid residues, samples were freeze dried and

derivatized. Chromatography of the N-penta-

lluropropionyl D, L-amino acid 2-propyl esters was

performed using a Hewlett-Packard 5890A Series II gas

chromalograph with a Ilamc ionisation detector and a

25 m coiled, fused silica capillary column coated with

the stationary phase Chirasil-L-Val. Full details of the

analytical techniques followed in this work are reported

elsewhere (Murray- Wallace 1993). Enantiomeric ratios

were determined for the amino acids aspartie acid

(ASP), glutamic acid (GLU), leucine (LEU),

phenylalanine (PHH) and valine ( VAL).
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I !•,' J. VfcV\ lookup suuih akfflU southern Selheks Beach

towards 1 1 to southern Adelaide HillK ami aoasfill cliffs

developed on I'leiiluecnc nltuvlal ftlfl MljecesiBJOttS, I he

lo^aiion of the raised heaeh deposit, which occurs in the

scarp RkM /oik* is indicated by an arrow.

rite

fig. 4 A shore-normal view (If lilt! raised pii\el hciwh

deposil ut Selheks Keach, I In: -aceply dipping Ochre

C rfvc formation is visible near ihtj HliTVtfj gulf. Tin-- si.dT.

which is fully extended, is 5 m fang,

(ieonun pholo<jical Setting And
Site Description

rhti raised gravt-l beach deposit is situated near the

\\ 'illuniui Kail II al the southcrn-musl purl of Sellicks

Ucaeh (35° 2 I ' 00.N" S; 1 3K" 2$' 07.5" \\ laudw aid

Of -a modern, ycnlly seaward sloping inierlidal shore

plallonn (figs I, 2). Hie modem inierlidal platform

[S approximately 20 in wide in a shore-normul

transect, is pnrljally covered with boulders and

cobbles and represents a model n analogue for Ihe

relicL platform (I ig. 3). An accumulation of boulders

and cobbles occurs al the loot of uV modern clilTand

represents a further modern analogue of the raised

beach dcposii. 1 he emergent grave! beach foeics

rests on a slrongly eroded remnant of a shore

plalloini lhal is developed on the steeply dipping

Oligo-Miocenc I'ort Willimgo Hods (Daily el ul.

^>^

lug. J. View (nuking soulhwesi low.KtK the raised gravel

he:ich deposil -at Soilieks Heaeh Ihe gravels resi

nneoulo ntnhly nil the Oligo- Vincent fori Willuuga

Hcds and ihe Middle Pleistocene Ochre Covd I ormnuon.

The yravcl deposit dips ueudy seawards, t he

uncoiiuVinily siirlaee ivpreseuls a lelicl intcltidul shniv

plallonn. The modern inierlidal platform occurs in ihe

foreground, dips gcnlly seaward and is partially uncred

by boulders and cobbles. Ihe inaMnnnn iliireienee in

cleval ion between the iwo plat (onus ia 5 in as determined

ir ihe most landward exposure, not \tsdile in llns

photograph. Small. isolated sea slacks reprcsciiiing

erosional remnants of Ihe IohiilmIv more extensive

Pleistocene shore platform occur within this area leg.

V in the middle disiancc).

I97o), and in part, a steeply dipping portion of ihe

Middle Pleistocene Ocbrc (ove l-nnuuioi) (Ward

l%0; I'illnns & Uourman 1996; lugs h 4, 5i. The

travel deposit occurs williin a fotmet scarp toot /urn

excavated al a time t^ higher sea level, and abuts

fanelomerales of die Deli re <. ove I orinntioii (May &
liourmnn 10X4).

The bedrock surface on which the gravel beach

facies resls, grades in a seaward direction from 5.55

in to 4,05 m above Australian Height Datum (AHD).

The platform cMends out seaward from the deposit

some 1-1 .5 in forming a well-defined bench (Kig. tV).

The gravel beueh lacks crops out ovei a shore -

purallel distance Qj approximately 50 m, and ranges

in thickness between 1 and 1.5 in (F-tg. fr).

The gnjvel deposil is pi)orly sorted and comprises

sub-rounded to suKingul ar elasls t>f silislonc,

nuarl/ile and bryo/oal liniesUme thai ratine from

boulder lo pebble si/e, although the modal clast size

is boulder-eobble (700-70 mm). "Die lilhoclasls are

lightly packed. Numerous enlire and Iragmenlat

fossil molluscs occur within the granular mnltis ol"

the gravel deposil.

A pale grey, clean, free-llovviug sand is ihinly

draped twer the gravel deposit and Ihe uuderlyimj

fanglomerales antl exlends up lo 2.5 in above the

upper bounding surface of Ihe deposit. The sand also
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ijj. 5. Detail from ItjUre I showing I lie oghily packed

I [g. &. View looking euHlDQElKesrsI showing pun of ihe

sitorc-p;ir;illel Imeral eMent of ihe raised hvach deport.

I ho loner "a denotes Mae general leu-l nl iliu yi.\\,-\

deposit which is appiminuicly 4 m iibiwc ihe jguwl

eovered I'lhmsIi'Pl- L'f ihe small olid in the toivgrotiiiil. A
pbiwed ^uritit-c ru-prosi-nung rentiunis ul.m intermhl

.shoro pl.illorm is \isible (in the seaward -side f>| the

deposit. PleMoeciic langloiuci tiles are evident in l ho

uppei nulll-lund portion of (he ph(Ui.v*r,iph "h", 1 he

r.HMril head) deposit Wovemitt by j linn \enecr itrvnul

whteh .ils.i p;ir(i;il/> covers ilio |;u^U>nienue. hul is

dilfieull to diseem in thin phnl<i|jr;tph.

oeeurs within (he uppermost pari olihe matrix of the

gravel bed near the contact between the gravel hi>*I

Ilk' overlying sand A tlicrmolumincseenu' rigO 0\
l

U.IU2-V IvH (W2TP) whs previously reported Ibr

(bis sandy unit (Ltounutui t7 t//. |W l
>). In addition* a

ladiocaibou age (minimum agc| ol* -30 kn Kialv

hOV>5) has previously been reported \\m molluscs

In .in t|to gravel beach deposit fMav & liourmuii

I'W).

Results and Discussion

I lie tsravcJ unit contains a rclah\clv divetse

assemblage of fossil molluscs, pnneipnllv

gastropods, within the sediment matrix. Molluscs

include I'atcllu (Sittictlastru) iutkostaUi Rlainvillc.

Mactra rt/Jcsc^ns ( Lamarck L 0\ri\-<i ttnyust

Sowerby. Munihhula (Ansfroi'oc/tl<.\t> L'rmttfru /-J

Lamarck, Ncntu (A/e/unfrffitf {itmntcnftisij Keeve,

CyoHtftcllu h'sitenn Iredalc, Ctmuk sp Linnaeus,

f.V/omu (Cfilfinhlilo/Hu) uth-iciitica iPhihppt).

Bvnthintttit iticliuKtsintna Kimeliu). Svdiiphcnt

uiulttlula (Sowcrbyj ;md opcrcula of Twho $p u

Linnaeus. Many of the shells also oeein as laigc

fragments, hi^htv abraded and ol unrecognizable

allmily. ('o)leclivcly, the fossil assemblage indicaies

deposition in an environment comparable to the

modern coast at southern Sellicks Beach, wiili

molluscs found in vtind or attached to rocks, in a

iclaltvely sheltered setting of Ihe lower littoral /one

(Ludbrook lv>X4>.

Dun i hi

A generally high degree of raeernisalion

(expressed as a D/L ratio) is evident for the tue
dil'fercnl enanttomctie ammo acids measured in

eacli of die fossil mollnses from the gravel heach

deposit ( tahle I ), I he relulive extent of raeemisalion

for ihe dilltTent amino acids, within the sinyle

mollusc samples, generally follows the ivlation

VAI Lhl 1 (il li Pill . ASP. Similar trends Arc

reported lor fossil molluscs from United Mates

Pacific coastal plain sites (Lajoie el uf, I9K0).

Three specimens ol Puti+Ua (S<uh'iL<s(i t i)

tufiaishttu (samples UWUA-&95, 6% and 7oi)

icvcal good coneorilance in measured enantiomeric

uilios (i.e. helvveen-shell |> I ratio variation) with

Loellicienls ol wtrialion less than 5.6"., for .ill amino
acids for the eomhined data (aetual values include

VAI 2.2%. LLU S.(V»„. ASP0J°k Pill l»% and

id.U 5%). (he consistently lower degree ol

raeernisalion for all ammoacids m the specimen of

f\itt'(hi sp. (sample U\V(jA-0 1 '7), eiimpared wiih the

other Ihree Pftlffffa .samples is possibly due to the

diffusive lo,-,s of the more highly oieetnised lower

moleeiilar weight (icptide fraction Irom the shell

earbonate matrix. Accordingly, the degree of

raeemivaiion as determined in the tola! acid

hydrolysitte. WiHild l»e disproportionately weighted

towards the less raeemised, higher moleeulat weight

peptide residues that remain within the shell

aragonile matrix. This explanation is eonststent wtili

the poorly preserver! nature of some ol the molluscs

within the gravel deposit (e.g. ehalky appearance).

The high extent of racemisation measured in all the

fossil molluscs from the raised beach deposit far

exceeds values typically determined in tloloeene

fossds (Murray-Wallace & Uourmau WU; Murray-

Wallace $l Goede !9<->5; Murray-Wallace 200b;

lable I). The cxtenl of raeernisalion in the motluses
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TAMI I. hxteni t>f ammoanil racvmisadon i total ackl hydmlvMitcl in fossil molluscs from a raised gravel halt It

ikfXisil Scllirks lk\nh ami other hx alines for tit'iipariso/i

Specie:* it I iKiiiittii Lab. Code

or teference VAI t I I

Amino acid DL ratio'

ASP Pllf til L

Sollieks Beach,

raised bcaefa deposit

Thais oihita (columella)

Syt la/'hvra umhitatu

Patella I St ntcllaMrut

litlivaMitta

ratcfhi <St ti/ct/astrtO

laticiisttila

patella fSemtBwtru)

tiiticustaitt

ratrlla tSnttcllaMni)

laiicosialu

Svnfa iMelamrttat

atramcntnsti

( hfl\'a sp.

Lute Pleistocene.

( lanvillo Formation,

Norinanville,, SA
\hhtra aitstralis

Hindmarsh Island. SA
Mmtra (tusiralts

Port Wakefield. SA
Atnuiara trapezia

Kahhwia rhytlphttm

lloloccne

Three Kivers Creek,

Kiiiy Island. TAS
Patvlta lalicosttitu

(79(H60yi UP;

SL:AOy27)

Sir Richard Peninsula, SA
Panax ilcltuit/ii's

f226W J40yrB!*;

SUA-2XM)

UWjGA-733 0.28440.(121 Q.36V 0,556±0.Ol5

uwGA-7.16 0.333 '>..>::±<u>36

UW.GA-697 Q.3O9£0.O08 OJ700.0IK (J£{£i0.<&3 0.54-1 f0,W6 0>54« 0.051

UWtiA-6% 0.41.! &$82ftK02] O.XOU-t 0.004 0.79N±0.02<> 0,606 O.WS

UVVC.A iV'5 0.405 'O.OO.-i n.551-0.007 0.7wiO.Oo7 0.777j=ii.(M 7 (J,557±U.IK>2

UWtiA-763 0.42;i0.00X 0\52O-O.U(H 0,X04lO,OOl 0.770iffJKff 0.611+0.009

HWiiA-766 0.3XhM).00X 0.4i|-0JH)o 070210.029 0.5990.005 0,671 > 0,006

ll\V(,A-76X O^ftfcULOlO 0.403+0,0 IJ O.S35+0.O23 0.72710.008 0.7X9±0.0-!6

Hourmun et at LL28310.0J1 0273=0.012 0.590)0.010

0.26H).0o3 (U7+O.O02 0.56±0.00l

Murray-Wallace 0.32±<>.iw. 0.5U0.02 f>.5440.03

{ I 9NS) 0.32 1 0.Od 0.5 1 1 0.07 0.46±0.u2

Murray-Wallace 0.01

& Uoedc

( 1 995

)

Murray-Wallace 0.07t(UJ

& Hourman

(1990)

0.05d=i),02

0,333*0.006

0.36 1 0.002

O.HiO.01

0.3S-HUM

0.04*0.00.1 0.06=0.001

0.2710.01 0.1910.01 0,12 0.005

amino acids: VAI - saline. I ,KU - leucine; ASP - usparlic acid, PI IK - phenylalanine and (ill 1
- glummjli acid.

h'om Ihc Scllicks Beach deposit also exceeds ihal

apparent for representative examples from die Late

Pleistocene Glanvillc Formation at Normanville and

Hindmarsh island. two localities with comparable

current mean annual air temperatures and, as a

corollary, two deposits likely to have experienced

similar diagenelic temperature histories to I he

Scllicks Beach deposit, given Ihc caveat that the

shells from each deposit remained buried al depths

>l m for much of their diagenelic histories (Vlurray-

Wallacc et al. I9SS; Bourman & al. 1999: Table l").

The lilanville Formation, as originally defined i\} ihc

Adelaide region (Ludbrook 1976; t 'aim 1978) has

been correlated with the last intcrglacial maximum
(125 ka: Oxygen Isotope Suhslage Se) based on

ihermoluminescence. amino acid racemisaiion and

uranium-series dating of correlative deposits from

other parts of the South Australian coastline

(Bclperio et al. I 984; Sclnvebel 19K4; Huntley & ai

19*3', 1994; Murray- Wallace 2000).

Although the fossil molluscs from the raised bcaclt

deposit at Scllicks Beach were obtained from near-

surface contexts (<50 cm), the geoniorphological

and stratigraphical evidence suggest that for part of
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then diajieiKTic history, the fossils were more deeply

huritsd (i.e. Ht least I m), However, these molluscs

will have experienced a hiuhcr iniegralcd diagcnclic

tempcratucc than for fossils that have wiu&ltiod In

more deeply buried contexts liable 1 1. Current mean
annual air temperature ((MM ) pi Sellieks Beach.

Normauvillc and llindmarsh Island ait! all

approximately Uv C, ^u\ I 7
:

< for fori Wakefield.

The cxlcnl ol raccnnsaliou lor the majority o!

ammo acids in significantly higher in Hie molluscs

[him Sellieks Beach compared with those ftorfl

Nlornunvillc and llindmarsh Island (Table If The

difference m extent v\ racenusalion is le ftti

pronounced when compared with die motltises from

Purl Wakefield which have experienced a higher

diaricneiic temperature (Table I). As current rmstffi

annual tcnipciauac al die I'od Wakefield she is

,ipprn\imalel\ I'
1

( wanner than al Sellieks Beach,

and ,L'i\cii thai rales of racenusalion aie known to

increase by up U) 30 pei cent for such a temperature

difference (McCoy l

l >S 7
l, the implication ha thai [|1C

•.fallow burial depth of Ihe shells al Sellieks Beach

has contributed ta the Itigft degree of navmismion of

amino acids wiihm these basils,

Amino acid U I ratios for Ihe molluscs from the

Sellieks Beach deposit railye from die envelope vl

ViltlWS representative of lasl inlerglacial age 10

potentially the penultimate mtetelacial (e. 2J0 ka;

Oxygen Isotope Sulic 7), as revealed maplotnl'the

urn ut Uiemisahon against current mean annual

lemperatuic (and as a corollary, lalilude) (Fig, 7).

The luck of clusterum anil chronology nl consistm* \

of the data sujjecsis a diagcnciic basis lor Ihe

observed variation in enantiomeric ratio,-, rather than

a gciumic aec variation between shells, The range in

I v| ratios for ihe shells from Sellieks Beach exceeds

that Ivpieallv Ibtind lor a sinjjle isoiopie sLi::c

I
Murray -Wallace 2000),

AllllOUgh lac-eiiiisabon uttes ate known to be

|

.run. jjptiCtllC (NfltlSV £ f*n,L'h:Mn Orotic i'JX l M III?*

unlikely 10 acciuilit solely lot the hieher decree "|

laccmisalion in Ihe fossil htiellu (S\ nU'lluslni}

hflkhl.shlUi from the Sellieks Beach deposit,

LMdpared with other genera from the (danvdle

I urination, l| to therefore eoueluded i hut die hijjhci

decree of laccmisalion in ihe molluscs from Sellieks

I i*ai b i* du^ U-1 faster rates of raccmisation, due to

ilieu shallow lutnal ileplh duiuie lale diu^ciicsis

resultant: from the prouressi\e exhumation ol Ihe

deposit, and a genus-effect on racemisation

As the shells bu\c been subjected tu vaitable burial

ilepihs dUrlng late dtaecncsis, the iniey.raled rale

expression for raccmisation Wfts rearranged wilh

temperature as ihe subject to assess whether ii \\

possible to Induce the high extent ol lacciiusalioil al

ambtenl diageneltc temperatures ovet Ihe course ol

the llukuvin:. As the amino acid analyses reported

1.0 • Katelysia sp,

o AtiaUara trap*?zui

A Net'la tftintverilusa

00 G Thais nrttita

0$V8£ sp

M 6
Stage *

--

btllkk&Bwci) S o
data i

• y^
9 ^

D A

tnvutam

±14tiyt OP
l£^r~" $* (Sua^h^i

11 J2 13 U 15 I? tr ie 19 ZO 2\ 2^ -'

CM.A.T.(C)

I I lie- v\Wn\ nl v.ilint t.ivfinis.H!Mn [Mill will

hydlv;.H,itc) «\ ltW.ll itu-llu^- ;|j Lim iiileref'.ul a^e

0'i',-!^'t( l'-.olop'j SliI'sIlil^l- ?ii) fioui httUllleiti Ausiijlin

pk'tied .I'.uiiiiM tuiivni iiumii (Uimiiil air irmper.mnv t" fi'J

1o illi^litite the Sellieks Bench dillu witllin If lnwutk't.

iL^i;'iial LMiilni. Beti.nl;, ill Miinptes tium elsev\hciv in

southern Australia iiir repoiled by \Hni:i> -\\ albiee Jfi

Melperii. (IW1) ontl M.irr;i>-W;.lli".Lv i/i at. {WV). The

,iiiiiiin aeid lI;iLi Um ihe fisi iiilerelnei;il fUOllllKCS U1B ifl

.icuird w ah the exponential treml itl tnvrraAtfig esnin nl'

uieemisation with hiultw Umt-'eneiic tmiperatures iind iva

;i eorolliin. higher eiinvm me.in .innii;il l01Tt>WriUOPi

the losyil iiiulluses from (he raised beach deposii al

Sellieks Beach reveal u hcOftd raiuie hi extetii l»]

inreniisalion lioiil the eiivelupr nllhc l;isl iinrt^kic'ial 10

\alucs Ci'nsiMeni Willi u peiuiliinutte inlcivlactal a^e

(I Ksjien k t >lopi' St;i
;
:e

*
e. 22ft ka). \iniim acid restil"-.

Uii lliilucene and Si;i^,»f 7 molhisc-. ;nv |-u vui.p $ -

Iriime^otk ft»r eomp;irison

here were undertaken on dilleicnl losstls bom those

used lor the radiocarbon assav ( 311 la .\uc:. Mav iV

Hoiirmau B>K4l. lite integrated dia^enetie

t^iiiperature was tl(?CUltlli?d to esamine 8 lit

possdtilhv that Ihe radiocarbon aec was Ihe result ol

chance sampling of reworketl Pleistocene shells

within a llolocenc deposit. A inininiuiu ajjc ul Toon

\ear% w,is selected for the ealeulaboii. re|MVsuuni;-

the tiilnuy o\' Ihc cuhumahon of the posbelaciai

maitne (ransyression in southern Australia (Belpeno

vi uL 1\)\)1). aiuk iherefoie. Ihe oldest age likely for

an iitiLlisturbed lloloeene coastal deposit. The
[aiionale foi this is that ihe early lloloeene in the

only lime in the Late (Juaternarv, apart from die k<M

inieiyjacial niaxintttin. that sea level \sas sultlcteiHlv

high potentially to form Ihe raised beach. Ihesenl sea

level is not sufficient^ high lo form the deposit,

furthermore, inlcrstadial sea levels of the laie

IMeisloeenc i( happell </ al, B> ( )0) were s-i^n i (leiinll

>

bchiw piesenl sea level and would imply rate.-, ol

tectonic uplift of a magnitude inconsistent with the
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well-established Icelnnic framework lor lift region

(Bounuan ct <//. IWfc Bclpcrio vi uL 2002).

An average Atagortetlc icmpetaiure required to

induce the tiegivc $f raccmisaiion measured in ihc

Ibssils assuming an ago of 7 ka Wt$ determined Ibtia:

I "

5934

15 77- log In

ihD/iy
- in

ii-rvi.)/;

(I D'/U)

tl-l>lJA>

Where I is the absolute temperature ('M. D I
,

and

l> I ..„ are the cnaniiomcric ratios of Ihc fossils and

then modern equivalents respectively. / is an

a v-.diin.il age l i.e. 70(H) years) and 1 5.77 and 5W>a rc

eonslanls derived Irom the empirical rate constanL

evpre.ssion tWehmillcr t"VH2i 1 993). Accordingly, an

average diugciietic temperature of 24° (' would he

necessary to induce die extent fcjf ruecmisation

measured in The three specimens pi' PutcfltJ

iScuk/iasfrut Imkoshi/n (I lWtiM#5, -6% and

-7*3 I horn Ihc raised heach dupo&B if they were only

7 ka. A diagenciic lemperalurc of iliis value is

unlikely, huwevcr, gjViSJI that Ihc cuiicui mean

animal air temperature at Scllieks Hcaeh is

approximately Iff
1

Q, A prolonged, higher mean

annual tcmperatuie by as much as S D
( is unlikely

our the course ol the llolocciie lor this reginn

t< happell NOI | Thus, the extern ol laecmisalion

measured in the lossil motluses from the raised

beach deposit coukl not have hecn altainccl duting

ihc lloloccuc. A penultimate mtcrglaeial age ft also

not favoured, as the gravel beach deposit is unlikely

to have survived etosioual pou. esses of (he last two

•jlauul cules. On this basis a last inlerglacial aye is

liiMuired tor llie raised gravel beach deposit at

SellieU Keach

I he raised gravel bench deposit at Scllieks Hcucll

pITM ides a lurlhei opportunity lo examine ihc

neoteclonic behaviour ol f leurieu I'en insula.

Pievious investigations have revealed thai the rem on

has c.xpctteneed geologically recent uplift as

indicated by Lhe elevation of last inlerglacial coastal

deposits (tfourman , v ,>L IWJ).

Although many gravel beach deposits represent

ivliliional sea-level indicalors (i.e. always form

above tidal datum) and are therefore of only modest

reliability (I happell I'JX7|, several attributes of the

deposit at Scllieks Beach render it more reliable lor

quainityine rates of neoicelonisnr The adjacent

modern inicnidal plallorm has clearly formed within

a narrow range ol' lidal datum and represents an

analogous feature to the Pleistocene equivalent, lhe

upper reaches o\ the modern shore platform arc-

covered by boulders and eobhles presumably

accumulated during storm events. However, the

sleep backing slope of the el ill" prevents boulders or

Finer elasls from being deposited at any significantly

higher elevaiion above tidal datum.

I -aimatLS of a glacio-cuslaiic sea level for the last

inlet-glacial (Oyvgcn Isotope Substage 5e) from I vie

Peninsula suggest a value of 2 m AMD, and

represents a particularly reliable datum given the

relative leclouic suability of Ihc (iawler ( Tamil upon

which much of the fvre Peninsula coastline has

developed (Murray- Wallace^ Belpeiio |9V|>. I hus.

uplill of the Scllieks Hcaeh deposil by as much as 3

in is indicated based on lhe elevation of the contact

between die gravel deposit and the undcrlyim-

erosioual surface Ol the relict shore platform.

The amount of uplill since the laM inlerglacial

maximum, inferred from the deposit at Sellickv

Beaeli (e 3 m) is less Lhan thai observed at

Normanville (c. 10 ml to the south of the WillUftg

fault (liourman ci at. IWM. lhe uplill is attributed

to the combined elVeets ol ongoing tectonic uplift ot

the Adelaide Hills and erusional unloading and

associated cnNal isostalie compensation, furlhei

research is required lo model these processe.-

geophysical ly.

C onclushms

The cxteiU ol'raucinisulion for seveial atnino acklS

in fossil molluscs from a raised gravel beach deposil

al Scllieks Beach. South Australia, indieaies that the

deposit is ol" I .ale Pleistocene age. and most likely

tormed during the last inlerglacial maximum tc. 125

ka: Oxygen Isotope Subslagc se). The deposit

indicates up to 3 in of uplift has occutrcd in Ihis

legion since lhe last inlerglacial and suggests thai the

region is .still undergoing ueotectonie uplift.
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